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INTRODUCTION

Oral cancer is one of the ten leading cancers of the world. In 
India, it is one of the common cancers and is an important 
public health problem. In India every year, about 7% of all 
cancer deaths in males and 4% in females have been reported 
to be due to oral carcinoma. Tobacco plays significant role 
in etiology of oral squamous carcinoma. Tobacco which 
is chewed or smoked in some form or other contains many 
alkaloids and a compound N‑nitrosonornicotine (NNN) which 
are known carcinogens. The possibility that a carcinogen is 
formed from nicotine was suggested in 1962 by Druckrey I and 
Prcussmann. They pointed out this alkaloid is a precursor of 

NNN.[1] Since then, interest in nitrosation of tobacco alkaloids 
has increased and several studies to study the formation and 
analysis of N‑nitrosamines in tobacco products have been 
carried out.

Oral submucous fibrosis  (OSMF) is a disease of the Indian 
subcontinent, which through immigration has a worldwide 
distribution. The prevalence rate varies from 0.2 to 0.5%. Betel 
nut chewing plays significant role in etiology of OSMF. The habit 
of chewing betel quid with or without tobacco is common among 
Indians. The nut alkaloids have been shown experimentally to 
result in stimulation of collagen synthesis by fibroblasts in vitro. 
In vitro experiments with arecoline and nitrite have shown that 
“areca nut” alkaloid can give rise to at least four N‑nitrosamines, 
which can induce precancerous conditions.

In the present study salivary estimation of nitrate and nitrite 
were carried out in the patients of OSMF, oral carcinoma 
and in healthy persons with normal oral mucosa, devoid of 
any habits.
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ABSTRACT
Oral cancer is one of the ten leading cancers of the world. In India, it is one 
of the common cancers and is an important public health problem. Tobacco 
plays significant role in etiology of oral squamous carcinoma. Tobacco which 
is chewed or smoked contains many alkaloids which are known carcinogens.
Oral submucous fibrosis  (OSMF) is a disease of the Indian subcontinent, 
which through immigration has a worldwide distribution. Betel nut chewing 
plays significant role in etiology of OSMF. The nut alkaloids have been shown 
experimentally to result in stimulation of collagen synthesis by fibroblasts in vitro, 
which can induce precancerous conditions. Materials and Methods: The 
present study was undertaken to detect nitrate and nitrite factor in saliva 
of cases with oral carcinoma, OSMF and normal individuals without any 
habits and to determine whether increased salivary nitrate and nitrite level 
is significant in oral carcinoma and submucous fibrosis using biochemical 
parameters. Conclusion: We conclude that the major inducer of oral 
squamous cell carcinoma  (OSCC) is exposure to tobacco. Recent studies 
have demonstrated that oxidative and nitrosative stress contributes to the 
development of oral carcinogenesis through deoxyribonucleic acid  (DNA) 
damage. Salivary composition of OSCC patients is substantially altered with 
respect to free radical‑involved mechanisms.
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MATERIALS AND METHODS

A total of 52  cases were included in the present study for 
comparative evaluation from outpatient department of Oral 
Diagnosis and Department of Oral Pathology. Twenty‑eight 
cases of oral carcinoma based on clinical and histological 
diagnosis and 24 cases of severe OSMF were selected for the 
present study. All the cases had betel nut chewing history or 
having tobacco habit in some form or the other. Since most of 
the cases were having difficulty in opening the mouth it was 
not possible to take biopsies for histopathological diagnosis. 
Hence, the selection of cases was done on the basis of clinical 
diagnosis only. Twenty‑five normal persons having clinically 
normal oral mucosa and devoid of any habits were selected 
as control group.

Collection of saliva samples

Ten milliliter of whole unstimulated saliva samples were 
collected from all patients in the morning in a clean sterilized 
test tube. Saliva was immediately centrifuged for 30 min at 
3,000 rpm to remove particulate matter. If sample contained 
suspended solids, it was filtered through a 0.45  nm pore 
diameter membrane filter.

Different methods used for estimation of salivary nitrate and 
nitrite levels are:
•	 Calorimetric method for determination of nitrite[2]

•	 Automated high pressure cadmium method[3]

•	 Gas chromatography coupled with thermal energy 
analyzer by capillary gas chromatography filled with 
nitrogen phosphorous selective detector.[4]

Preparation of chemical reagents

Stock nitrite solution
1.23320 g sodium nitrite was dissolved in 1,000 ml to get 1 ml 
of 250 µg. During analysis the stock solution was diluted from 
1 ml to 500 ml with distilled water to get 1 ml of 0.5 µg.

Sulfanilamide reagent
Five grams of sulfanilamide powder was dissolved in 50 ml of 
concentrated HCL and 300 ml water. This solution was further 
diluted to 500 ml with distilled water.

N‑(1‑Naphthyl) ethylenediamine ‑dihydrochloride 
solution
Five hundred milligram of NED dihydrochloride was dissolved 
in 500 ml water. The solution was stored in a dark bottle.

Preparation of chemical reagents  (for nitrate 
estimation)

Stock nitrate solution
72.8  mg anhydrous potassium nitrate was dissolved and 
diluted to 1,000 ml with distilled water 1 ml of 100 µg.

Phenol disulfonic acid
Twenty‑five grams of white phenol was dissolved in 150 ml 
of concentrated H2SO4 was added and stirred.

Potassium hydroxide 12N
A total of 673 g KOH was dissolved and diluted in distilled 
water to get 1,000 ml solution.

Standard silver sulfate
4.40 g Ag2SO4 crystals were dissolved and diluted in 1,000 ml 
distilled water to get 1 ml of 1 mg Cl.

Detection of salivary nitrate factor

After collection of saliva from patient it was centrifuged for 
30 min. If sample contained suspended solids, it was filtered 
through a 0-45 nm pore diameter. membrane filter. To 50 ml 
clear sample, that is, 5 ml saliva diluted to 50 ml with distilled 
water and neutralized to pH 7, 1 ml sulfanilamide solution 
was added. The reagent was allowed to react for 2-8  min. 
After the above step, 1 ml NED dihydrochloride solution was 
added and mixed immediately (the absorbance was measured 
after 10 min, but before 10 min the optical density was noted 
on calorimeter). Nitrite level was estimated by referring the 
standard graph.

Sample processing for nitrite estimation

Following steps were followed for pretreatment of sample:
•	 Color removal: if the sample has a color in excess of 

10 units, 3 ml aluminium hydroxide to 150 ml sample 
was added, stirred well and allowed to settle for a few 
minutes

•	 Nitrite removal: sulfonic acid was added to the sample 
to suppress nitrite interference

•	 Chloride removal: the chloride content of the sample 
was determined and precipitated out as AgCl by adding 
appropriate amount of Ag2SO4 solution. The clarified 
sample is neutralized to pH 7. Suitable aliquot of the 
sample was taken and evaporated to dryness on water 
bath. The residue was dissolved using glass rod with 2 ml 
phenol disulfonic acid reagent. The solution was diluted 
and transferred to Nessler tubes. Ten milliliter potassium 
hydroxide  (12N) was added in development  (yellow 
color). The intensity of color developed was measured 
at 410 nm with a light path of 1 cm using calorimeter. 
The concentration of nitrate in sample was found out by 
referring the standard graph.

Preparation of calibration curve for nitrate

Aliquots of standard nitrate solution in the range of 0.1-10 mg 
NO3‑N/L were taken using 50  ml as a final volume. The 
solution was evaporated to dryness on water bath. The residue 
was dissolved using glass rod with 2 ml phenol disulfonic acid 
reagent. It was diluted with distilled water and transferred to 
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Nessler tube. Then 8 ml of 12N KOH was added and made to 
100 ml. The color developed was measured at 410 nm with a 
light path of 10 m. Calibration curve was drawn on cm‑cm graph 
paper using optical density against concentration of nitrate. This 
graph was used for calculating nitrate in the samples [Figure 1].

Preparation of calibration curve for nitrite

For plotting the calibration curve, aliquots of standard nitrite 
solution in the range of 1 µg NO2‑N to 10 µg NO2‑N were taken 
using 1 cm light path and considering 50 ml as a final volume. 
One milliliter sulfonamide solution was allowed to react for 
2-8 min, followed by 1 ml of NED di‑hydrochloride solution 
and mixed immediately. It was kept for 10 min for maximum 
color development. Absorbance was recorded after 10 min at 
543 nm. Calibration curve was drawn on cm‑cm graph paper 
using optical density against concentration of nitrite. This 
graph was used for calculating nitrite in the samples [Figure 2].

RESULTS

The age of the patients in oral carcinoma ranged from 30 to 
70  years and showed a slight predilection towards males. 
Tables  1 and 2 shows the anatomical distribution of these 
lesions in the oral cavity. The salivary nitrate level in control 
group ranged from 75 to 250 µg/L which is in accordance with 
other studies. The salivary nitrite level in control group ranged 
from 30 to 100 µg/L. Salivary nitrate and nitrite levels did not 
differ significantly between men and women. Elderly persons 
showed increase in the levels of both salivary nitrate and nitrite. 
The salivary nitrate and nitrite level was not significant in 
OSMF patients when statistically compared to control group, 
except in patients with tobacco habits in some form or other 
and in OSMF patients who showed carcinomatous changes.

The salivary nitrate and nitrite level of oral carcinoma patients 
when compared with control group showed a significant 
increase. The rate of reduction of salivary nitrate to nitrite of 
oral carcinoma patients was compared with OSMF patients. 
The rate of reduction of oral carcinoma patients from 
salivary nitrate to nitrite was significant compared to OSMF 
patients and control group. It was interesting to note that 

the sites where the tobacco quid was kept for longer length 
of time were constantly exposed to nitrosoamine and other 
nitroso compounds. Sites such as buccal mucosa, alveolus 
and vestibule showed highest percentage of oral carcinoma 
lesions.

DISCUSSION

Oral carcinoma is one of the ten leading cancers in the 
world and tobacco plays a significant role in etiology of oral 
squamous cell carcinoma. The possibility that a carcinogen 
is formed from nicotine was suggested in  (1962) when 
Druckrey I and Preussmann pointed out this alkaloid as a 
precursor of NNN. Salivary nitrates in the oral cavity are 
turned into nitrites (NO2

‑), which are of special importance as 
carcinogenesis promoters because they react with amines and 
amides to form the carcinogenic nitrosamines. The salivary 
nitrate level in control group ranged from 75 to 250 µg/L and 
salivary nitrite level ranged from 30 to 100 µg/L. The range of 
salivary nitrate/nitrite level reported by Green and Laura for 
persons without any habits is 200-600 µg (for nitrate average, 
300 µg) and 30-210 µg (for nitrite average, 80 µg).[5]

According to Tenovuo, human whole saliva may also contain 
inhibitory agents against the nitrosation reactions. Individual 
variations in the amounts of these inhibitory agents may be 
casually linked to individual’s susceptibility to oral carcinoma. 
Hence, there are variations in nitrate and nitrite level.[6] Hart 
and Walter reported that, since the salivary glands are active 
in concentrating nitrate in a similar manner to iodide, there is 

Table 1: Anatomical distribution of oral squamous cell 
carcinoma patients
Anatomical location 
of the lesion

Number of 
cases

Percentage

Buccal mucosa 9 32.15
Alveolus 7 25.00
Vestibule 6 21.40
Oropharynx 1 00.60
Maxilla 5 17.85
Total 28 100.00

Figure 1: Salivary nitrate level Figure 2: Salivary nitrite level
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unlikely to be a reservoir in the serum. This implies that the 
salivary systems promoting the reduction of nitrate to nitrite can 
vary considerably in activity from one individual to another.[7] 
Wolff and Wasserman observed that in the quantities normally 
occurring in food or feed, nitrates became toxic only under 
conditions in which they were, or might be reduced to nitrites. 
Otherwise at reasonable concentrations, nitrate ions were 
rapidly excreted in the urine. Nitrate are not toxic, but may under 
some circumstances be the starting point for a chain of reaction 
that result in the conversion to toxic substances. The microbial 
environment causes reduction of nitrate to nitrite. Nitrites are 
more toxic than nitrates. Consumption levels that may cause 
long‑term hazards in man have not been established.[8]

In the human oral cavity, nitrate secreted as a salivary 
component is reduced to nitrite and NO by certain bacteria, 
and salivary nitrite may be transformed to NO, NO2 and N2O3, 
which can lead to tyrosine nitration.[9,10] The concentration 
of nitrate in saliva is dependent on the amount of nitrate 
ingested.[11] The nitrate in saliva is reduced to nitrite and NO 
successively by bacteria such as Streptococcus salivarius, 
S.  mitis and S.  bovis. Thus, it seems that oral bacteria are 
one of the main sources of reduced nitrite in saliva.[12,13] 
The concentration of nitrite in saliva is dependent on the 
concentration of nitrate. The nitrite and NO formed in the 
human oral cavity can be oxidized by molecular oxygen and 
by salivary peroxidase.[8,14]

Nitrate and nitrite in oral carcinoma

In the present study, the salivary nitrate and nitrite level of 
OSMF patients  [Table 2] and salivary nitrate/nitrite level 
of oral cancer patients [Table 3] were corelated statistically 
with normal persons having normal oral mucosa and without 
any habits. Oral carcinoma patients in the present study 
showed a significant increase in salivary nitrate and nitrite 
level compared to control group. The study of Sipahimalani 
et  al., showed that the saliva of habitual tobacco chewers 
contained nitrosamines that were probably leached from the 
tobacco and/or formed in situ by the nitrosation of tobacco 
alkaloids as well as that of secondary amines. It also indicated 
that the mucosa of the oral cavity of tobacco chewers might 
be constantly exposed to nitrosamines and other nitroso 
compounds.[4]

According to Tenovuo this observation might be linked to the 
reported increased prevalence of oropharyngeal carcinoma in 
tobacco chewers.[6] In the present study carcinogenic action of 
chewed tobacco is evident at those sites where the tobacco quid 

Table 3: Salivary nitrate/nitrite level in oral carcinoma 
patients
Age/sex Duration of habit in 

years
Nitrate μ/l Nitrite μ/l

35/M Tobacco+lime 12 years 252 148
60/F Tobacco occasionally 220 105
55/M Tobacco+lime 40 years 330 137
60/M Tobacco+lime 50 years 368 152
35/M Tobacco+lime 10 years 360 165
66/F Tobacco+lime 50 years 465 280
60/F Tobacco+lime 40 years 240 187
52/M Tobacco occasionally 100 072
50/F Betel leaf+tobacco 440 232
57/M Tobacco+lime 40 years 520 402
60/F Betel leaf+tobacco 600 410
50/F Tobacco+lime 35 years 460 275
50/M Betel leaf+tobacco 680 430
40/M Tobacco+lime 15 years 156 960
68/M Tobacco+lime 30 years 478 283
50/M Tobacco+lime 40 years 355 149
50/M Tobacco+bidi 20 years 384 174
54/M Betel leaf 25 years, 

cigar 20 years
340 156

58/F Tobacco+lime 20 years 240 162
45/M Tobacco+lime 7 years 262 158
50/M Tobacco 20 years 392 223
45/M Betel leaf+tobacco 349 168
70/F Betel leaf+tobacco 465 246
40/M Tobacco 6 years 334 291
50/M Tobacco+Pan Parag 10 

years
296 186

37/M Betel nut+tobacco 10 
years

601 480

M: Male, F: Female

Table 2: Salivary nitrate/nitrite level in oral submucous 
fibrosis patients
Age/sex Duration of habit in years Nitrate μ/l Nitrite μ/l
35/M Tobacco product 6 years 440 285
23/M Tobacco+betel nut 10 years 240 156
21/M Tobacco product 2 years 242 187
27/M Tobacco+betel nut 3 years 230 145
52/M Tobacco+betel nut 20 years 460 205
42 /M Tobacco+betel nut 6 years 240 187
45/M Tobacco+betel nut 7 years 265 189
24/M Tobacco+betel nut 3 years 398 268
67/M Betel nut 12 years 365 168
48/M Betel nut 20 years 398 198
18/M Tobacco product 3 years 368 262
19/M Betel nut 3 years 320 162
40/M Betel nut 8 years 322 168
22/M Betel nut 2 years 310 159
20/M Betel nut 3 years 168 110
26/M Tobacco product 10 years 220 105
22/F Betel nut 2 years 148 078
28/M Betel nut 4 years 153 075
25/M Tobacco+betel leaves 3 years 232 135
25/M Betel nut 10 years 320 168
21/M Tobacco+betel nut 2 years 156 072
37/M Betel nut 10 years 601 408
32/F Betel nut 3 years 380 160
22/M Tobacco+betel nut 5 years 316 142
M: Male, F: Female
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is kept for longer duration of time. In the present study, salivary 
nitrate/nitrite levels did not differ significantly between men and 
women. Most of the oral carcinoma patients in present study 
are elderly, in the age group of 35-70 years, the average age 
being 45 years. The rate of salivary nitrate to nitrite reduction 
in the present study is significant in oral carcinoma patients 
than normal persons and OSMF patients. Tenovuo reported that 
increasing age was generally associated with an increase in the 
levels of both salivary nitrate and nitrite and these levels did not 
differ significantly between men and women.[6]

In the present study, the OSMF patient who gave initial 
8 year history of areca nut chewing and later for 2 years 
he started chewing tobacco products in combination with 
areca nut developed oral carcinoma. We can conclude 
that the major inducer of OSCC is exposure to tobacco. 
Recent studies have demonstrated that oxidative and 
nitrosative stress contributes to the development of oral 
carcinogenesis through DNA damage. Salivary composition 
of OSCC patients is substantially altered with respect to free 
radical‑involved mechanisms.
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